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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for producing a thin ferroelectric oxide film, enabling the 
production of the thin ferroelectric oxide film having an arbitrary ferroelectric characteristic by controlling 
an arbitrary orientation direction and the amount of ferroelectric crystals having an arbitrary orientation 
direction. 

SOLUTION: This method for producing a thin ferroelectric oxide film comprises producing a thin 
ferroelectric oxide film comprising Bi, Ti and 0 on a substrate having electrodes formed thereon by 
MOCVD method. Therein, the supply rate of oxygen gas on the basis of the total gas rate of raw material 
gases capable of forming the thin ferroelectric oxide film is controlled to a value required for forming a thin 
ferroelectric oxide film having a prescribed orientation and/or a prescribed electric field resistance, and 
the supply rate of at least one of the raw material gases containing elements constituting the thin 
ferroelectric oxide film except oxygen is controlled so that the composition ratio of the elements 
constituting the thin ferroelectric oxide film except oxygen is a value for giving a prescribed residual 
polarization and/or a prescribed specific dielectric constant to the thin ferroelectric oxide film. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] It faces manufacturing by law. the oxide ferroelectric thin film which consists of Bi, Ti, and O on the 
substrate with which the electrode was formed - MOCVD ~ While controlling to a value required in order to 
form the oxide ferroelectric thin film which has a predetermined stacking tendency and/or a predetermined 
coercive electric field for the amount of supply of the oxygen gas occupied to the total gas supply volume of the 
material gas which can form an oxide ferroelectric thin film In order that said oxide ferroelectric thin film may 
obtain a predetermined remanence and/or specific inductive capacity, the presentation ratio of configuration 
elements other than the oxygen which constitutes said oxide ferroelectric thin film The manufacture approach of 
the oxide ferroelectric thin film which consists of controlling at least one amount of supply of the material gas 
containing configuration elements other than the oxygen which constitutes said oxide ferroelectric thin film to 
become a required value, and supplying material gas on a substrate. 

[Claim 2] the oxide ferroelectric thin film which consists of Bi, Ti, and O on the substrate with which the 
electrode was formed ~ MOCVD - the manufacture approach of the oxide ferroelectric thin film which 
consists of facing manufacturing by law, changing at least one amount of supply of the material gas containing 
configuration elements other than the oxygen which constitutes said oxide ferroelectric thin film, controlling a 
Bi/Ti presentation ratio, and controlling the crystalline-nucleus generating consistency of an oxide ferroelectric 
thin film. 

[Claim 3] The oxide ferroelectric thin film whose oxide ferroelectric thin film which it comes to form in right 
above [ lower electrode ] which was formed on the substrate is a columnar structure. 

[Claim 4] The oxide ferroelectric thin film whose Bi/Ti presentation ratios the stacking tendency of the oxide 
ferroelectric thin film which it comes to form in right above [ lower electrode ] which was formed on the 
substrate is any one of the random orientation to which c-axis priority orientation, c-axis orientation, and 
orientation (117) mainly give priority, or (117) the priority orientation, and are 0.4-1.5. 

[Claim 5] The oxide ferroelectric thin film which has the oxide ferroelectric thin film formed in right above [ of 
the substrate with which the electrode was formed ] by claim 1 or the approach of 2, and comes to have an up 
electrode on this oxide ferroelectric thin film. 

[Claim 6] The oxide ferroelectric thin film which has claim 3 or the oxide ferroelectric thin film of 4 right above 
[ of the substrate with which the electrode was formed ], and comes to prepare an up electrode for it on this 
oxide ferroelectric thin film further. 

[Claim 7] The oxide ferroelectric thin film according to claim 6 which comes to connect an oxide ferroelectric 
thin film with an electrode and an up electrode, and a serial. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a detail more at the manufacture approach, oxide ferroelectric 
thin film, and oxide ferroelectric thin film of the oxide ferroelectric thin film which can be suitably used for a 
memory device, a pyroelectric element, a piezoelectric device, an optical device, etc. about the manufacture 
approach, oxide ferroelectric thin film, and oxide ferroelectric thin film of an oxide ferroelectric thin film. 
[0002] 

[Description of the Prior Art] There are some which have various functions, such as a ferroelectricity, a high 
dielectric, piezoelectric, pyroelectricity, and the electro-optical effect, in many oxide ingredients, and, generally 
it is named the oxide ferroelectric ingredient generically. Many device development, such as a capacitor, a 
pressure sensor, an infrared sensor, an oscillator, a frequency filter, and an optical switch, has been performed 
using the function which was excellent in those oxide ferroelectric ingredients. 

[0003] By applying the high dielectric constant property of an oxide ferroelectric ingredient to the capacitor of 
semiconductor devices, such as DRAM, by attaining miniaturization of a device, and simplification of a process 
and applying a ferroelectric property to the memory section of semiconductor devices, such as DRAM, it is 
high-density and development of new functional devices, such as nonvolatile memory (ferroelectric nonvolatile 
memory) which operates at a high speed, is performed especially with progress of recently and thin film coating 
technology. 

[0004] Ferroelectric nonvolatile memory realizes unnecessary memory of a backup power supply using the 
ferroelectric property (the hysteresis effectiveness) of a ferroelectric, and needs an ingredient with a small 
coercive electric field with large and residual spontaneous polarization for such device development. Moreover, 
in order to acquire a good electrical property, it is low leakage current and an ingredient with properties, like the 
repeat resistance of polarization reversal is large is required. For that purpose, control of the surface 
morphology after membrane formation is also an important technical problem. Furthermore, thickness is wanted 
to realize the above-mentioned property with a thin film hundreds of nm or less for the adaptation to reduction 
of operating voltage, and a semi-conductor micro-processing process. 

[0005] It has the perovskite structure shown with a chemical formula AB03 in an oxide ferroelectric, and 
although it has inquired for many years, recently, others attract attention noting that Bi system oxide 
ferroelectric ingredient shown by Bi2Am-lBm03m+3 is strong to the repeat of polarization reversal. A is 
chosen from Li+, Na+, K+, Pb2+, calcium2+, Sr2+, Ba2+, and Bi3+, B is chosen from Fe3+, Ti4+, Nb5+, 
Ta5+, W6+, and Mo6+ here, and m is the one or more natural numbers. 

[0006] The crystal structure of the oxide ferroelectric shown by Bi2Am-lBm03m+3 makes the structure 
between which 2(Bi 202)+ layers put the upper and lower sides of the perovskite layer which consists of AB03 
of an individual (m-1). The mechanism which the ferroelectricity discovers is as unchanging as the mechanism 
in the case of the oxide ferroelectric shown by AB03. Although Pb(Zrl-XTiX) 03 (henceforth PZT), BaTi03, 
SrTi03, LiNb03, etc. are in the oxide ferroelectric shown by AB03, PZT is studied for many years most 
intensively. 

[0007] PZT is the solid solution of PbZr03 and PbTi03, and Zr/Ti ratios are 1-1.5. PbTi03 is a ferroelectric 
with the perovskite structure belonging to tetragonal system, and has spontaneous polarization in the direction 
of a c-axis. Although PbZr03 is an antiferroelectric crystal with the perovskite structure belonging to 
orthorhombic system, it shifts to a ferroelectric while it dissolves with PbTi03 and the amount of Ti increases. 
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The sputtering method, the sol-gel method, etc. are used for thin film production. 

[0008] There are SrBi2Ta 209, Bi4Ti 3012, etc. in the oxide ferroelectric shown by Bi2Am-lBm03m+3. 
Especially, research of Bi4Ti 3012 is prosperous recently. Bi4Ti 3012 is a ferroelectric which belongs to 
orthorhombic system and has stratified PEROPUSU kite structure as above-mentioned. Spontaneous 
polarization has a component in the 2-way of an a-axis and a c-axis, and, for the spontaneous polarization of the 
direction of an a-axis, about 50microC/cm2 and a coercive electric field are [ about 4microC/cm2 and the 
coercive electric fields of the spontaneous polarization of about 50 kV/cm and the direction of a c-axis ] about 4 
kV/cm. Therefore, it becomes the ingredient which can offer the small coercive electric field of the big 
spontaneous polarization of the direction of an a-axis, or the direction of a c-axis according to an application by 
controlling the stacking tendency. 

[0009] as the thin film-ized technique of the above-mentioned ferroelectric ingredient — the former — the 
sputtering method, a sol-gel method, the laser abrasion method, and MOCVD — it is carried out by law etc. The 
substrate which usually possesses the electrode which consists of Pt (1 1 1), Ir (1 1 1), or an oxide electrical 
conducting material as a substrate which forms the above-mentioned oxide ferroelectric ingredient using these 
membrane formation approaches is used. In order to apply the ferroelectric ingredient formed by such approach 
to various devices, such as nonvolatile memory, it is important to control the stacking tendency and 
crystallinity. 

[0010] Although the strong dielectric characteristics are greatly dependent on presentation x, since Pb with high 
vapor pressure is included in PZT, the elucidation of the factor which the film presentation change in the time of 
membrane formation and heat treatment etc. tends to take place, and governs a stacking tendency and 
crystallinity (morphology) is in a difficult situation. Therefore, it has the trouble that degradation of leakage 
current or polarization reversal resistance takes place, with reduction of thickness as a result of generating of a 
pinhole, generating of the low dielectric constant layer by the reaction with the substrate electrodes Pt and Pb, 
etc. 

[001 1] On the other hand, in order to obtain good strong dielectric characteristics in membrane formation with 
the conventional sol-gel method, since heat treatment at 650 degrees C or more was required, in the case of 
Bi4Ti 3012, field bearing obtained was restricted, and control of a stacking tendency was difficult for it. 
Moreover, in membrane formation by the MOCVD method, it is 600 degrees C or more in membrane formation 
temperature. When membranes are formed on Pt electrode which prepared Ti glue line between Pt electrode and 
the Si02/Si substrate, the film surface morphology While consisting of big and rough crystal grain A 
ferroelectricity the thing of the pyrochlore phase (Bi2Ti 207) which it does not have which becomes easy to 
generate is reported (it Japan(s) Jan.J.Appl.Phys., 32, 1993, pp.4086, and J.Ceramic.Soc. -) 102, 1994, pp.512. 
Therefore, it was not easy to control a stacking tendency and crystallinity and to obtain desired spontaneous 
polarization and a desired coercive electric field, either. 

[0012] recently — becoming — this invention persons — MOCVD — the various orientation control approaches 
in formation of the Bi4Ti3012 ferroelectric thin film using law have been proposed. For example, although the 
stacking tendency of a Bi4Ti3012 ferroelectric thin film was controlled by JP,9-186376,A by shifting a Bi/Ti 
presentation ratio from stoichiometric composition, only control of the magnitude of the component containing 
the direction component (117) of an a-axis is controllable, and control of a c-axis component was not obtained. 
For this reason, the coercive electric field was as large as 90 kV/cm, and application was always difficult for the 
component driven by the low battery. 

[0013] Moreover, in JP, 10- 182291, A, by changing the oxygen density in material gas showed that c-axis 
priority orientation, the random orientation which the c-axis component and the component (117) mixed, 
priority (117) orientation, and the direction of priority orientation were controllable. However, since the 
ferroelectric thin film was formed on the buffer layer which consists of Ti02, although it could control the 
direction of priority orientation, it was not able to control perfect orientation of a c-axis here. And it could not 
say that the component which cannot control magnitude of each orientation component, therefore has saturation 
part extremal value various by the same coercive electric field was obtained, but there were few degrees of 
freedom of strong dielectric characteristics. 

[0014] Furthermore, on Pt (lower electrode) electrode, a Bi4Ti3012 ferroelectric thin film has a low 
karyogenesis consistency, and usually grows as a giant particle. However, since Ti02 is congenial to Pt, it is 
precisely formed on Pt. With two sorts of above-mentioned conventional techniques, the ferroelectric film 
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which has the above-mentioned property without the buffer layer by Ti02 grade has not been obtained from 

such a thing. 

[0015] 

[Problem(s) to be Solved by the Invention] As mentioned above, it was difficult to expose to an elevated 
temperature over time amount long at the time of membrane formation and heat treatment, and to control the 
stacking tendency and crystallinity by the above-mentioned conventional technique, when forming the oxide 
ferroelectric thin film of PZT or Bi4Ti3012 grade on metal electrodes, such as Pt and Ir, using membrane 
formation techniques, such as the sol-gel method, and a spatter or the MOCVD method. Therefore, it was not 
easy it to be in a difficult situation to control degradation of the leakage current generated in the oxide 
ferroelectric thin film obtained or polarization reversal resistance, and to obtain desired spontaneous 
polarization and a desired coercive electric field, either. 

[0016] In case this invention is made in order to solve the above-mentioned technical problem, and it forms a 
ferroelectric thin film, it carries out full control of the stacking tendency (a direction and magnitude) including 
crystallinity, and enables ferroelectric thin film formation which has the target strong dielectric characteristics 
in arbitration. Moreover, it also aims controlling degradation of the leakage current generated in an oxide 
ferroelectric thin film, or polarization reversal resistance, and obtaining desired spontaneous polarization and a 
desired coercive electric field at offering the manufacture approach made easy by clarifying those control 
conditions. 
[0017] 

[Means for Solving the Problem] It faces manufacturing by law. the oxide ferroelectric thin film which consists 
of Bi, Ti, and O on the substrate with which the electrode was formed according to this invention — MOCVD — 
While controlling to a value required in order to form the oxide ferroelectric thin film which has a 
predetermined stacking tendency and/or a predetermined coercive electric field for the amount of supply of the 
oxygen gas occupied to the total gas supply volume of the material gas which can form an oxide ferroelectric 
thin film In order that said oxide ferroelectric thin film may obtain a predetermined remanence and/or specific 
inductive capacity, the presentation ratio of configuration elements other than the oxygen which constitutes said 
oxide ferroelectric thin film At least one amount of supply of the material gas containing configuration elements 
other than the oxygen which constitutes said oxide ferroelectric thin film is controlled to become a required 
value, and the manufacture approach of the oxide ferroelectric thin film which consists of supplying material 
gas on a substrate is offered. 

[0018] It faces manufacturing by law. moreover, the oxide ferroelectric thin film which consists of Bi, Ti, and O 
on the substrate with which the electrode was formed according to this invention — MOCVD — The 
manufacture approach of the oxide ferroelectric thin film which consists of changing at least one amount of 
supply of the material gas containing configuration elements other than the oxygen which constitutes said oxide 
ferroelectric thin film, controlling a Bi/Ti presentation ratio, and controlling the crystalline-nucleus generating 
consistency of an oxide ferroelectric thin film is offered. 

[0019] According to this invention, furthermore, the oxide ferroelectric thin film which it comes to form in right 
above [ lower electrode ] which was formed on the substrate The stacking tendency of the oxide ferroelectric 
thin film which is a columnar structure, or the oxide ferroelectric thin film which it comes to form in right 
above [ lower electrode ] which was formed on the substrate C-axis priority orientation, c-axis orientation, and 
orientation (117) are any one of the random orientation to which priority is mainly given, or (117) the priority 
orientation, and the oxide ferroelectric thin film whose Bi/Ti presentation ratios are 0.4-1.5 is offered. 
Moreover, according to this invention, it has the oxide ferroelectric thin film or the above-mentioned oxide 
ferroelectric thin film formed by the above-mentioned approach, and the oxide ferroelectric thin film which 
comes to have an electrode on this oxide ferroelectric thin film is offered. 
[0020] 

[Embodiment of the Invention] The substrates which can be used in the manufacture approach of the oxide 
ferroelectric thin film of this invention are semi-conductor substrates, such as compound semiconductors, such 
as elemental semiconductors, such as silicon and germanium, GaAs, and ZnSe, ;P Metal substrates, such as t; 
insulating substrates, such as silicon on sapphire, a MgO substrate, SrTi03 and BaTi03, and a glass substrate, 
etc. are mentioned. Especially, a silicon substrate is desirable and a silicon single crystal substrate is still more 
desirable. Moreover, the electrode is formed on the substrate. Especially if an electrode is a conductive 
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ingredient, it is not limited, and it can be formed with the oxide conductor of metals, such as Pt, Ir, Au, 
aluminum, and Ru, Ir02, and Ru02 grade etc. An electrode can be formed by various approaches, such as a 
spatter, a vacuum deposition method, and the EB method. As for the thickness of an electrode, about 100- 
200nm is mentioned. 

[0021] Between an electrode and a substrate, interlayers, such as an insulating layer and/or a glue line, may be 
formed. An insulating layer can be formed by Si02, SiN, etc. Moreover, as a glue line, if the bond strength of a 
substrate, an electrode, or an insulating layer and an electrode is securable, especially the ingredient will not be 
limited and refractory metals, such as a tantalum and titanium, will be mentioned, these interlayers ~ the 
oxidizing [ thermally ] method, a CVD method, a spatter, a vacuum deposition method, and MOCVD — it can 
form by various approaches, such as law. 

[0022] In the manufacture approach of this invention, a substrate is first installed in the membrane formation 
chamber for forming an oxide ferroelectric thin film. As a membrane formation chamber in this case, the 
pressure in a chamber is controllable, and if it is the membrane formation chamber which can supply material 
gas, oxygen gas, carrier gas, etc., any things can be used. It is desirable that it is the membrane formation 
chamber of the membrane formation equipment which can perform membrane formation by the MOCVD 
method especially. Subsequently, two or more sorts of material gas containing elements other than the oxygen 
which constitutes an oxide ferroelectric with oxygen gas is supplied on a substrate. Under the present 
circumstances, carrier gas, such as an argon and helium, balance gas, etc. may be supplied together with these 
gas. 

[0023] Although the diluted gas may be used for oxygen gas, it is desirable to use about 100% of pure gas. 
When introducing oxygen gas into a membrane formation chamber, it is required to control to a value required 
in order to form the oxide ferroelectric thin film which has a predetermined stacking tendency and/or a 
predetermined coercive electric field for the flow rate of the oxygen gas occupied to the total quantity of gas 
flow. For example, as a flow rate of oxygen gas, the range of 33 - 80 volume % extent of the total quantity of 
gas flow is mentioned. Here, a predetermined stacking tendency means a stacking tendency (a direction and 
magnitude) including crystallinity, and random orientation or (117) priority orientation etc. to which c-axis 
priority orientation, c-axis orientation, and orientation (117) mainly give priority is mentioned. 
[0024] Moreover, it is required to control at least one amount of supply of the material gas containing 
configuration elements other than the oxygen which constitutes an oxide ferroelectric thin film so that it may 
become a value required in order that an oxide ferroelectric thin film may obtain a predetermined remanence 
and/or specific inductive capacity about the presentation ratio of configuration elements other than the oxygen 
which constitutes an oxide ferroelectric thin film. For example, in order to obtain a predetermined remanence 
and/or specific inductive capacity, at least one amount of supply of the material gas which contains Bi or Ti so 
that a Bi/Ti presentation ratio may be set to 0.4-1.5 is controlled. Here, a predetermined remanence means that 
the remanence value Pr is large and/or that the square shape of a hysteresis is good. Furthermore, the 
crystalline-nucleus generating consistency of an oxide ferroelectric thin film is controllable by controlling a 
Bi/Ti presentation ratio. 

• [0025] The oxide ferroelectric thin film obtained by the approach of this invention Bi2Xm-l Ym03m+3 (X » 
Li+, Na+, K+, and Pb2+ -) One sort chosen from the group which consists of calcium2+, Sr2+, Ba2+, and 
Bi3+, It is not what will be limited especially if shown, one sort and m which are chosen from the group which 
Y becomes from Fe3+, Ti4+, Nb5+, Ta5+, W6+, and Mo6+ -- the one or more natural numbers — it is - The 
oxide ferroelectric in which the crystal structure which is the source of a manifestation of the ferroelectricity is 
shown by Bi2Am-lBm03m+3 of the same SrBi2Ta209 grade is sufficient. Moreover, considering that the 
source of the ferroelectricity is in an ABO triad part including an ABO triad in the crystal structure, the oxide 
ferroelectric ingredient shown by Bi2Am-lBm03m+3 may be an oxide ferroelectric shown by AB03 of PZT, 

. BaTi03, and SrTi03 grade. Especially it is desirable that it is Bi4Ti 3012, and it is more more desirable still 
that it is the stratified perovskite crystal structure. 

[0026] It is not limited especially if the oxide ferroelectric thin film of this invention is a component which used 
the oxide ferroelectric thin film of this invention as an insulator layer, and the structure where inter-electrode 
[ of a pair ] comes to pinch an oxide ferroelectric thin film for example, etc. is mentioned. Below, the gestalt of 
operation of the manufacture approach of the oxide ferroelectric thin film of this invention, an oxide 
ferroelectric thin film, and an oxide ferroelectric thin film is explained based on a drawing. 
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[0027] the gestalt 1 of operation — the ferroelectric thin film covering substrate in the gestalt of this operation is 
shown in drawing 1 . On the silicon single crystal substrate 1, the laminating of the silicon oxide (Si02) layer 2, 
the tantalum layer 3 which is a glue line, the Pt lower electrode 4, the initial nuclear lamina 5 (it is hereafter 
described as the initial nuclear lamina 5 of Bi4Ti3012) of Bi4Ti3012 ferroelectric, and the 3012 or so Bi4Ti 
dielectric somatic growth layer 6 (it is hereafter described as 30Bi4Til2 growth phase 6) is carried out in this 
order, and a ferroelectric thin film covering substrate is constituted. This ferroelectric thin film covering 
substrate can be formed as follows. 

[0028] First, the silicon oxide layer 2 of about 200nm of thickness is formed by oxidizing a substrate front face 
thermally on the silicon single crystal substrate 1. On the silicon oxide layer 2, sequential formation of the 
tantalum layer 3 and the Pt lower electrode 4 is carried out by about 30nm of thickness, and about 200nm by the 
sputtering method, next, the initial nuclear lamina 5 of 6/Bi4Tiof 30Bi4Til2 growth phases3012 - MOCVD - 
it formed by law. 

[0029] The common membrane formation conditions at this time introduced Ar carrier gas containing Ti raw 
material, the oxygen gas as reactant gas, Ar gas as balance gas, and Ar carrier gas that contains Bi raw material 
further in the case of membrane formation of the initial nuclear lamina 5 of 6/Bi4Tiof 30Bi4Til2 growth 
phases3012 in the membrane formation chamber. Ar carrier gas flow rate in which the pressure in a membrane 
formation chamber contains 5Torr(s) and Ti raw material was fixed to 50sccm(s). Moreover, the total flow of 
introductory gas (Ar carrier gas, oxygen gas, and Ar balance gas containing Bi and Ti raw material) was fixed 
to 2500sccm(s). 

[0030] On the Pt lower electrode 4, the initial nuclear lamina 5 of Bi4Ti3012 is formed 5nm in thickness, using 
substrate temperature as 550 degrees C, next substrate temperature was reset as 400 degrees C, and 30Bi4Til2 
growth phase 6 was grown up 190nm in thickness continuously, and it considered as the 200nm of the total 
thickness. The membrane formation conditions of the initial nuclear lamina 5 of Bi4Ti3012 at this time and 
30Bi4Til2 growth phase 6 are shown in Table 1. 
[0031] 



[Table 1] 




Bi (o - C,H 7 ) 3 Ti (i - OC^H,) « 




16ffC 501C 
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o z *fx 


825 seem (33%) 




1250 sccm(50%) 




2000 seem (80%) 




2500 seem 




5 Torr 




Pt/ v Ta/SiO I /'Si(100) 
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[0032] Also in membrane formation [ which / of the initial nuclear lamina 5 of Bi4Ti3012, and 30Bi4Til2 
growth phase 6 ] Ar carrier gas flow rate which carries out 50sccm supply of the Ar carrier gas flow rate 
containing Ti raw material, and contains Bi raw material 50 - 350sccm, The oxygen gas flow rate was changed 
in the range of 825 - 2000sccm (it is oxygen density:33-80% to the total quantity of gas flow), and some kinds 
of initial nuclear laminae 5 of 6/Bi4Tiof 30Bi4Til2 growth phases3012 were formed. When setting up Ar 
carrier gas flow rate and the oxygen gas flow rate containing Bi raw material before initial nuclear-lamina of 
Bi4Ti3012 5 formation, 30Bi4Til2 growth phase 6 following it was taken as the same membrane formation 
conditions. 

[0033] Thus, Bi content (Bi/Ti presentation ratio) of 30Bi4Til2 obtained growth phase 6 was measured by 
EPMA, respectively. The result is shown in drawing 2 . Oxygen gas concentration (an oxygen gas flow rate / 
the total quantity of gas flow; 2500sccm) is made into a parameter, and drawing 2 R> 2 shows Ar carrier gas 
flow rate containing Bi raw material, and the relation of a Bi/Ti presentation ratio. 

[0034] In proportion to Ar carrier gas flow rate which changed in the small range and contained Bi raw material 
below with stoichiometric composition (Bi/Ti=1.33), the Bi/Ti presentation ratio also increased the Bi/Ti 
presentation ratio from 1.5 irrespective of oxygen gas concentration so that clearly from drawing 2 , but when 
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the Bi/Ti presentation ratio exceeded stoichiometric composition, there was an inclination saturated with the 
Bi/Ti=1.5 neighborhood. 

[0035] Moreover, the XRD (X diffraction) pattern of 30Bi4Til2 produced various growth phases was 
measured. The result is shown in drawing 3 (a) - (c) and drawing 4 . Drawing 3 (a) Oxygen gas concentration 
was taken along the axis of abscissa, the Bi/Ti presentation ratio was taken along the axis of ordinate, it looked 
through, and - (c) and drawing 4 were shown. Drawing 3 (a) Oxygen gas concentration showed the stratified 
perovskite phase which is a ferroelectric altogether by Bi/Ti>=0.65 at 33% or more so that clearly from - (c) 
and drawing 4 . 

[0036] Moreover, oxygen gas concentration is almost c-axis single orientation in 33%. When oxygen gas 
concentration was increased, the c-axis component decreased gradually, the component (117) containing an a- 
axis component appeared, and it turned out that it becomes the random orientation in which the c-axis 
component and the component (1 17) were intermingled along with increase of oxygen gas concentration. For 
example, in the case of 50% of oxygen densities, a XRD peak intensity ratio is about :(008) (117) **1:4. 
Furthermore, when the oxygen density was enlarged, the oxygen density became single orientation mostly (117) 
in 80%. 

[0037] Next, a XRD pattern when the Bi/Ti presentation ratio of an axis of ordinate changes is explained, when 
it was 30perfect c-axis orientation Bi4Til2 thin film mostly and a Bi/Ti presentation ratio was below 
stoichiometric composition (Bi/Ti=1.33) when oxygen gas concentration is 33% that is, in proportion to a Bi/Ti 
presentation ratio increasing, the XRD peak intensity (especially (006) — and (008)) of a c-axis orientation 
component increased. Furthermore, although the XRD peak intensity of a c-axis orientation component 
increased similarly when a Bi/Ti presentation ratio increased from stoichiometric composition, the XRD peak 
intensity of a c-axis orientation component also showed the saturation inclination in the Bi/Ti=1.5 
neighborhood. 

[0038] When oxygen gas concentration is 50%, it is random orientation, and it increases like [ any XRD peak 
intensity of a c-axis orientation component and (1 17) an orientation component ] the case where oxygen gas 
concentration is 33%, holding the XRD peak intensity ratio of the orientation (008) component of the c-axis 
orientation components, and an orientation (117) component into about 1:4 ratio with the increment in a Bi/Ti 
presentation ratio. When the Bi/Ti presentation ratio became the 1.5 neighborhoods, the XRD peak intensity 
ratio of the orientation (008) component of the c-axis orientation components and an orientation (117) 
component showed the saturated inclination, holding into about 1:4 ratio. 

[0039] When oxygen gas concentration was 80% (i.e., also when it is single orientation mostly (117)), in the 
XRD pattern, peak intensity (1 17) increased with the increment in a Bi/Ti presentation ratio, and peak intensity 
(117) showed [ the Bi/Ti presentation ratio ] the saturation inclination in the 1.5 neighborhoods. In addition, as 
shown in drawing 4 , all of 30Bi4Til2 thin film formed by Bi/Ti**0.4 (Bi flow rate: 50sccm) showed the 
paraelectrics pyrochlore (Bi2Ti 207) phase irrespective of the direction of orientation. 

[0040] Next, the relation between a Bi/Ti presentation ratio (Ar carrier gas flow rate containing Bi raw material) 
and XRD peak intensity is shown according to an oxygen density at drawing 5 (a) - drawing 5 (c). drawing 5 (a) 
- drawing 5 (c) to an oxygen density — orientation bearing of Bi4Ti3012 thin film — deciding — **** — the 
strength of the stacking tendency at that time - a Bi/Ti presentation - a ratio --****» it turned out that it is 
decided. That is, it turned out that the amount of 30Bi4Til2 crystal which the direction of a field where a 
Bi4Ti3012 ferroelectric thin film tends to grow became settled, and was located in a line in the direction of a 
field by the oxygen density is decided by the Bi/Ti presentation ratio. 

[0041] By forming diameter lOOmicrometerphi and the Pt up electrode 8 with a thickness of lOOnm by vacuum 
evaporationo on the Bi4Ti3012 ferroelectric thin film formed with the gestalt 1 of gestalt 2 implementation of 
operation, the ferroelectric capacitor shown in drawing 6 was produced, and the hysteresis characteristic was 
evaluated. In addition, in this evaluation, since the thin film which Ar carrier gas flow rate which contains Bi 
raw material irrespective of orientation bearing formed by 50sccm(s) (Bi/Ti**0.4) was a paraelectrics 
pyrochlore (Bi2Ti 207) phase as shown in drawing 4 , it was beforehand excepted from hysteresis 
characterization. Moreover, although the thin film which Ar carrier gas flow rate which contains Bi raw 
material irrespective of orientation bearing formed by 350sccm(s) (Bi/Ti** 1.5) was a Bi4Ti3012 ferroelectric 
single phase as shown in drawing 4 , its leak current density was large and it was not able to observe a 
hysteresis characteristic. 
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[0042] The hysteresis characteristic when impressing the alternation electrical potential difference of maximum- 
applying-voltage 5V according to an oxygen density is shown in drawing 7 (a) - drawing 7 R> 7 (c). drawing 7 
(a) - drawing 7 (c) - BIT (001) and (001)+ (1 17) -- BIT and BIT (117) express the sample produced at 33% of 
oxygen densities, 50%, and 80%, respectively, and are the same also in drawing after this. In the Bi4Ti3012 
ferroelectric thin film which Ar carrier gas flow rate containing Bi raw material formed by 100, 150, 200, 250, 
and 300sccm(s) (0.65<Bi/Ti<1.45), the hysteresis characteristic was able to be altogether acquired so that 
clearly from drawing 7 (a) - drawing 7 (c). 

[0043] Moreover, the saturation characteristics which plotted the remanence Pr when impressing the alternation 
electrical potential difference of maximum applying voltage 1, 2, 3, 4, and 5V according to an oxygen density 
and the value of a coercive electric field Ec are shown in drawing 8 (a) - drawing 8 R> 8 (c) and drawing 9 (a) - 
drawing 9 (c) by making a Bi/Ti presentation ratio into a parameter, respectively, especially c-axis orientation 
Bi4Ti3012 thin film that shows respectively good saturation characteristics and was produced at 33% (001) 
(BIT) of oxygen densities so that clearly from drawing 8 (a) - drawing 8 (c) and drawing 9 (a) - drawing 9 (c) — 
alternation electrical-potential-difference impression of maximum-applying-voltage 2V — also setting « both 
Remanence Pr and the coercive electric field Ec — although it is saturated. 

[0044] Moreover, the relation between the residual spontaneous polarization Pr when impressing the alternation 
electrical potential difference of maximum-applying-voltage 5V and a coercive electric field Ec, and a Bi/Ti 
presentation ratio is shown in drawing 10 (a) and drawing 10 (b) by making an oxygen density (orientation 
bearing) into a parameter, especially ~ 30Bi4Til2 thin film of the stoichiometric composition out of these 
(Bi/Ti=1.33) — receiving - an oxygen density (orientation bearing) — drawing 11 (a) - drawing 1 1 (c) piled up 
and showed the hysteresis characteristic when impressing the alternation electrical potential difference of 
maximum applying voltage 1, 2, 3, 4, and 5V independently. Moreover, drawing 12 piles up the hysteresis 
characteristic in three oxygen densities (orientation bearing) when impressing the alternation electrical potential 
difference of maximum-applying-voltage 5V. 

[0045] From drawing 7 (a) - drawing 7 (c), drawing 8 (a) - drawing 8 R> 8 (c), drawing 9 (a) - drawing 9 (c) 
especially drawing 10 (a), and drawing 10 (c), if the oxygen density is fixed, will not be based on the magnitude 
of a Bi/Ti presentation ratio, but a coercive electric field Ec is almost fixed. The residual spontaneous 
polarization Pr changed, and like change of the XRD peak intensity of drawing 5 R> 5, the method of this 
change increased in proportion to change of a Bi/Ti presentation ratio, and showed the saturated inclination by 
Bi/Ti>=1.33 Bi/Ti<1.33. That is, though the coercive electric field was the same, the remanence value was able 
to be acquired in the condition of moreover having been enough saturated in arbitration. 
[0046] Moreover, by changing an oxygen density, as shown in drawing 1 1 (a) - drawing 1 1 (c), and drawing 
12 , even if it is the same stoichiometric composition, the strong dielectric characteristics according to 
orientation bearing of Bi4Ti3012 thin film can be pulled out. This can be explained in 30Bi4Til2 thin film by 
the columnar structure (pillar SHIEIPUTO structure (001)) (orientation, 02:33%) having been checked so that 
the cross-section SEM image shown in drawing 13 may show. In addition, since the ferroelectric thin film was 
formed directly, without carrying out the laminating of the buffer layers, such as TiO two-layer, on Pt electrode 
in the gestalt of this operation, it could use that the generating consistency of the BIT layer on Pt electrode was 
low, surface area was controlled by this, and the columnar structure was obtained. 
[0047] As shown in drawing 14 (a), when the Bi/Ti presentation of a ferroelectric thin film shifts from 
stoichiometric composition and the amorphous layer 12 and the BIT layer 13 become serial structure, as applied 
voltage was impressed to the amorphous layer and shown in drawing 14 (b), it is thought that a hysteresis is 
hardly opened. However, when 30Bi4Til2 thin film 1 1 had the BIT layer 13 of a columnar structure in the 
amorphous layer 12, applied voltage will be impressed to the BIT layer 12 with big specific inductive capacity, 
and as shown in drawing 13 and drawing 15 , as shown in drawing 7 , the good hysteresis configuration was 
able to be acquired. Moreover, change was looked at by specific inductive capacity as the rate that the BIT layer 
12 in the amorphous layer 11 occupies changed, and shown in drawing 16 . That is, it turns out that the oxygen 
density determined the stacking tendency (sense of the column of a BIT layer), and the Bi/Ti presentation ratio 
has determined the area of a BIT layer. 

[0048] In this invention, the value of the residual spontaneous polarization Pr and a coercive electric field Ec 
was able to acquire the value of Pr**l-3microC/cm2, Ec**40 kV/cm and Pr**2-12microC/cm2, Ec**100 
kV/cm and Pr**7-30microC/cm2, and Ec**85 kV/cm according to oxygen densities 33 and 50 and 80%, 
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respectively. 

[0049] Originally, on Pt, the karyogenesis consistency of BIT is low and it is known that it will be easy to grow 
up as a giant particle. While this invention grew up the nucleus in the direction of thickness using the 
karyogenesis consistency of BIT on Pt being low, by changing a Bi/Ti presentation, by controlling the size of a 
BIT column, it could control the rate of the area which the BIT column in fixed area occupies, and was able to 
obtain the desired columnar structure in the BIT layer as a result. Thereby, the low specific inductive capacity 
which was not able to be realized until now was realizable. Moreover, it is known that it will be easy to carry 
out c-axis orientation of BIT from the anisotropy of the growth rate on Pt. On the other hand, the oxygen 
octahedron in a BIT grid has Pt (1 1 1) and good matching, and it means that this has the property in which a BIT 
layer tends to carry out orientation (117). Then, if an oxygen density is high (117), orientation will be carried 
out, and if an oxygen density becomes low, it will be thought that c-axis orientation is carried out. 
[0050] This is not obtained corresponding to the oxygen densities 33 and 50 at the time of membrane formation, 
and 80%, and 40% of oxygen densities and 65% are also effective. That is, if it becomes 30c-axis single 
orientation Bi4Til2 thin film and an oxygen density becomes high rather than 33% at 33% of oxygen densities, 
a c-axis component decreases gradually, an orientation (117) component increases to it and coincidence 
gradually, and it means becoming 30single (117) orientation Bi4Til2 thin film at 80% of oxygen densities. 
[0051] Furthermore, the alternation electrical potential difference of maximum-applying- voltage 3 V estimated 
the fatigue property of 30Bi4Til2 thin film. The result is shown in drawing 17 (a) - drawing 17 (c). When 
5x1010 times (it is related with a stoichiometric composition thin film, and is 1x1011 times) of repeats were 
carried out, respectively, even if the percentage reduction of the amount of switching charges was large, the 
result with very as good most as less than 5% was obtained less than 10%. This is considered to be because for 
strong dielectric characteristics to show saturation mostly by applied- voltage 3V in each thin film. 
[0052] 

[Effect of the Invention] according to the manufacture approach of the oxide ferroelectric thin film of this 
invention — MOCVD, while facing manufacturing an oxide ferroelectric thin film on a substrate by law, 
controlling the flow rate of the oxygen gas flow rate occupied to the total quantity of gas flow and controlling 
orientation bearing By controlling at least one amount of supply of the material gas of constituents other than 
oxygen gas, and controlling the presentation ratio of constituents other than oxygen A stacking tendency (a 
direction, magnitude) including crystallinity is controlled completely, a crystalline-nucleus generating 
consistency is controlled, and it becomes possible to manufacture an oxide ferroelectric thin film with the 
residual spontaneous polarization Pr of arbitration, the coercive electric field Ec of arbitration, and/or the value 
of specific-inductive-capacity epsilonr. Moreover, while being able to control degradation of the leakage current 
generated in an oxide ferroelectric thin film by clarifying these control conditions, or polarization reversal 
resistance, the electrical potential difference impressed to an oxide ferroelectric thin film is also controllable. 
Therefore, if this invention is used, it will become possible by controlling the residual spontaneous polarization 
Pr, a coercive electric field Ec, and specific-inductive-capacity epsilonr to arbitration to offer a ferroelectric thin 
film with the strong dielectric characteristics to which the design value needed for a device is satisfied on the 
occasion of ferroelectric application device implementation. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



JP,2000-169297,A [DRAWINGS] 



Page 1 of 11 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 121 



40 
30 
20 
_ 10 

CM 

E 0 

O 

^ HO 

r -20 



-30 
-40 




(ii7)E^]Brr 

(Bi/Ti=134) 

(BI/TM.33) 

<1t?)EfaBIT 
(Bi/T?=1.32) 



-6-5-4-3 -2 -1 



0 12 3 
OlftriKff (V) 



[Drawing 1] 




[Drawing 2 ] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



BEST AVAILABLE COt>r 



JP,2000-169297,A [DRAWINGS] 



Ba*a&s]Bisfc*i:Bi/Ti«&jm<DB8s 



Page 2 of 11 



1.5 



1= 
\ 
ffl 



0.5 









-♦-33* 






-■-50* 





100 200 300 
BI3S1: (seem) 



400 



[Drawing 51 



<a) 



o 2 : 33% 




-a-c (008) 
a (117) 



100 200 300 400 
BlSfcKeaam) 



(bl 



i 



4000 
300Q 
2000 
1000 

6 



Oj : 50% 



-a-o (008) 
a (117) 



100 200 300 
B&tftCBccm) 



400 



5000 
4000 
> 3000 
I 2000 
1000 
0 



IDrawing 61 



0 2 : 80% 



-a-c (008) 
- a (117) 



100 200 300 400 
BiS&MUccm) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



BEST AVAILABLE COPY 



7 



6 
5 

4- 



[Drawing 3] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 




0 2 : 50% 




[Drawing 4] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 5/12/2005 



BEST AVAILABLE COPY 



JP,2000-169297,A [DRAWINGS] 









O 
CO 

CM 

O 



o 
10 

• a 

CM 
O 



CO 
CO 

■ • 

M 

o 



•i/ia 



[Drawing 71 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2000-169297,A [DRAWINGS] 



(001) BIT 







_^S^ 1-H 
jT^T 0.8B 




0.65 





-* -4 



-a-SHOita4ftiTt 
(V) 



<001W117)BIT 



(b) 



<c) 




[Drawing 81 



(a) 










-■-0,875 




— l.t 1 




-•-1J2 




-A-M2 



2 3 4 $ 

Win WE (V) 





20 


E 


u 


15 




to 


st 

*^ 


5 


k. 




Q. 


0 



50% 














—♦—1.13 




-•-1.335 




-_-1.425 



2 3 4 6 
QMS CV) 




http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



BEST AVAILABLE COP s 



JP,2000-169297,A [DRAWINGS] 



[Drawing 141 



-12 

'13 




*3feCD D-E t A-xUi/X;u— -f 

[Drawing 151 




[Drawing 91 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2000-169297,A [DRAWINGS] 



0 2 : 33% 




Page 8 of 11 




1 120 



0} : BOH 




[Drawing 10] 



(a) O 



40 
I 30 
O 20 
10 

D. 

0 



-*-(001) 
-»-(0OlKt17) 
-*-(117) 




0.5 



1 

Bi/Ti 



1.5 



200 
1 150 

<m_» 100 
_j 50 
0 



0.5 



-^(001) 
♦(001W117) 
+ W 



-* 4 



1 

Bi/Ti 



1.5 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



BEST AVAILABLE COPY 



JP,2000-169297,A [DRAWINGS] 



Page 9 of 11 



[Drawing 16] 

200 



160 
140 
120 
£ 100 
80 
60 
40 
20 
0 





Bi/Ti=1.42 

\Bi/Ti=1.45 




■ 


Bim=1.32 
Bi7Ti=l.ll 




Bi/Ti=0.88 






• 


Bi/Ti=0.65 




i 
■ 





1X1 0 2 1X10 3 1x10 4 1x10 5 1x1 0 6 
MStfeCHz) 



rDrawing 171 



(a) 



(b) 



(c) 



6 

W S 

£ 5 

o 4 

^3 
3 2 

S 1 

0 



E 
o 



^ 99 
M 4S 

a 



33% 



-0.65 
-0.88 
-1.11 
•1.32 
-1.42 



1X10 5 ixiO 10 
0 2 : 60% 



i; Pll»<:)(n.Ml 



0.68 

0.9 

U3 

1.33 

1.43 



7 xl 0 5 ixl 0 10 
0 2 : 80% 



-0.B9 
-0.B2 
-1.15 
-1.34 
-1.44 



1 xi 0 5 1 x1 0 10 

*#«•<* an > 



IDrawing 111 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran__web_cgi_ejje 



5/12/2005 



BEST AVAILABLE COP^' 



JP,2000-169297,A [DRAWINGS] 



(a) 



(0CUBn-(Bi/T|*1.33) 




Page 10 of 11 



(b) 





20 




18 


E 


10 


o 


0 




0 




-5 


«— «» 
i- 


-n 


<L 


-ta 







(0O1M1l7)BJT(BJ/TMf1.33) 




-1 -1 0 1 8 3 4 9 • 

mm& <v) 



(c) 



(117) BIT (BI/TI* 1.33) 




[Drawing 13] 

Bi/Ti=0.37 



Bi/Ti=1.32 



19. JUi£M_Jl_J* 3 -MB? '■ 




Bi/Ti=l.ll Svi 




Bim=1.45 




600nm 




http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



BEST AVAILABLE COPY 



JP,2000-169297,A [DRAWINGS] Page 1 1 of 1 1 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



5/12/2005 



S>earchihg PAJ 



1/2 ^— is 



PATENT ABSTRACTS OF JAPAN 

(1 1 Publication number : 2000-169297 
(43)Date of publication of application : 20.06.2000 



(51)IntCI. 



C30B 


29/32 


C23C 


16/44 


uUZr 


i /m 


H01B 


3/00 


H01G 


4/33 


H01G 


4/12 


H01L 


27/108 


H01L 


21/8242 


H01L 


21/8247 


H01L 


29/788 


H01L 


29/792 


H01L 


41/09 


H01L 


41/18 


H01L 


49/02 


// C23C 


16/40 


H01L 


37/02 



(21) Application number: 11-272587 

(22) Date of filing : 27.09.1 999 



(71 Applicant : SHARP CORP 
(72)Inventor : KIJIMA TAKESHI 



(30)Priority " 

Priority number : 10274876 Priority date : 29.09.1998 Priority country : JP 



(54) PRODUCTION OF THIN FERROELECTRIC OXIDE FILM, THIN FERROELECTRIC OXIDE FILM AND THIN 
FERROELECTRIC OXIDE FILM ELEMENT 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method for producing a thin ferroelectric oxide film, enabling the 
production of the thin ferroelectric oxide film having an arbitrary ferroelectric characteristic by controlling an 
arbitrary orientation direction and the amount of ferroelectric crystals having an arbitrary orientation direction. 
SOLUTION: This method for producing a thin ferroelectric oxide film comprises producing a thin ferroelectric oxide 
film comprising Bi, Ti and 0 on a substrate having electrodes formed thereon by MOCVD method. Therein, the 
supply rate of oxygen gas on the basis of the total gas rate of raw material gases capable of forming the thin 
ferroelectric oxide film is controlled to a value required for forming a thin ferroelectric oxide film having a 
prescribed orientation and/or a prescribed electric field resistance, and the supply rate of at least one of the raw 
material gases containing elements constituting the thin ferroelectric oxide film except oxygen is controlled so that 
the composition ratio of the elements constituting the thin ferroelectric oxide film except oxygen is a value for 
giving a prescribed residual polarization and/or a prescribed specific dielectric constant to the thin ferroelectric 
oxide film. 
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a + s K+. Pb2+, Ca2+ H Sr2+. Ba2+. B\3+fr t>3t#?£;h. 
4 BI*Fe3+, Ti4+ % Nb5+, Ta5+. V*6+ % Mo 

6+^ ft sta^fey* mi* 1 yL±<D&m$iT'& 

o 

[0 0 0 6] B i 2A m -1 B m 03 m +3'C^$ttSK'lb ! fel3i 
BSWtt©^*®!** (m-1) f0>ABO3fr&*4 
^P^X±l^ hl(D±TS, (B i 202) 2+«A<«*.a 

^-Xai*. AB03-e»*ti4*<b*5i««(*a>»* 

BK«(*Kti\ Pb (Zrl-XTix) 0 3 (KIT. PZ 
Ti:l>5) . B a T i O3, S r T i O3. L i N b O3 

[0007] PZTIt PbZr03<hPbTi O^COm 
Zr/Ti Jtttl - 1 • 5T*fc£o P b T i O 

r03it »*»*ic»r ft 



5&§§«ft-C* PbT i 03ir@5§LTT i itf 

So 

[0 0 0 8] B i 2Am-1 B m 03,n+3T'in $ *1-£>i$to$l£i 
SI1H*I-I*. S r B i 2"T a2°9. B i 4T i 30l2fc<b* 
A<fc-5o gifi. B i 4T i 30l2CDSf3e*<^r'fc 

B i 4 T i 3 Oi2l*^ B B B ^l-ML. Htl^OTSUUtt 

5 0//C/em2, tfuttfMifcl 5 0 k V / c 
m. c|4*|p|a>£*#«l*tt4 /i C/cm2. SMUltt*) 
4kV/cmtfc5, LfcA^t, •^(DiElnlti^*!^ 

[0 0 0 9] ±EB««*Wra©3MHta«fc LTI*. 
C*l£T?X/^;>S"J V*;U-y*JL/;£. U— If— 7 

^Iz-fvaVii, MOCVD;£§|l::<fcyfrfc>*LTl^'5o 

JBBt-T LTI*; a*.- Pt (1T1 )-.- I r- 

(111) fe*i*i*mtiii»«*t»»*»&tt*««** 

[0010] pzTff))|^:lt *©3S««»tt3^tti* 

0)f§£* Ttfe^^P t <t P b i:roJ5I&lc e J:-5iSSim^Il 

RlnB14©&*b*<e::&i^5FolSj5£*LTl^£>. 
[0 0 1 1 ] — B i 4T i 30120^dI^I*. ft3fcO> 

•/ju-yjMS-cojftiR-ei*, fi»«:»««i*tt*#*fc 
toiz6 5 o°cja±-c?a)f^5QS^gr'fc-i)f-<6> »»E>*i 

fco mo c v Djir-WiffiKi^fct^Ti*, j&KSS 

6 0 0 o C1U±T-. P t fUSi: S i 02/S i &«£<DRfl 
|zt i ttSMISIftltfeP titl±i:ilibf:ig^. t<» 

aBlttSRfcftlvWP^DTS (B i2T i 2<=>7) 
©*£L^p-*-< fcSC *tTl*« (Jan. J. Ap 

pi. Phys. , 32. 1993, pp. 4086&tfJ. Ceramic. Soc. J 
apan, 102. 1994. pp.512) „ LtrtfoT. lEftlt-W^ 

[0 0 12] *^BH#C,|* N MOCVDS 

seh^-b i 4T i 30i2^mi*aia<Dftjjsicfcit4=& 



8 6 3 7 6 T'l*. Bi/Ti *lfj£tb£<b^*li*&l£fr t> 
•Tf)-rc:i:lcJ:oT. B i 4 T i 3012^8!®<*»K«)S 

:fr[S]fdt#£#t; (117) j£#(D*££0>»spcD<?*T-fc 

l:Ktlf* ( 9 0kV/cmt^<> S«ET'ffiUl-r-5 

[OOI 3] £fc, ftgfl¥1 0-1 8 2 29 1l=iSt* 

oUHBMEffiU clftfig^i: (117) fi£#*<;I£Lfc5 
>^AEfl. (117) SSfeElRli:. ffiSfcIcf6]<7>;£fa£ 

i 02fr£#&'* , v?7Jf<D-bl-ff2J££*v-Cl''& 

- [00 1-4] $&l:; ItrP t ■(■T»««) ««±i=- 
|*B i 4T i 30i2%RttttftMl2tt%£ttftA t <g< . B 
LTfi£*-r-5o LfrL. T i 0 2 l*. P t fc« 

±E©2aa>**a«-ci*. t i o 2 s?ic<fc 
[001 5] 

VDafMiftffiJffll^t. Pt, I rfffltRSS 
_tl-P Z T^B i 4T i 3Ol2«0>lMb1fe&8Htttaitt£ 

»j*-r'*»*. iww*-*>»«aB»i=fti»B»niii=«oTas 

y « *©ElR>tt*>*Sfltt£«»*" -i. 

*ij-r«)Ci:A<Bitft!R5£icfcy. ^fc. Hrao>e*«-ffi 

[00 16] *3%mit. ±.B&&m&mik-?Z>tzth\ztj:Z 
^fctffit-Sot. »»*{*»«*»*-r*IBI=. ISA 

[0 0 1 7] 

<*»«*IIOCVDa5l=«»:y«jfi^*l-BLT. 8Mb«lSlfil 



wwr*fcfc*i=. flneRib«B&8RttRR£RR-*-s 

tfffi£aRR#R&tf/XI41£KRR£ff6ft:#>|::&S 
&Rl=tt«*3l=nCR1b*BRRtt8K£R:a-*-6R 

R»£R»LT, »R±l=R»#**«R-r5::i:j^iE, 
4 &R1b4ft&R«i*BR(D8jf 5&fitRft . 

[0 0 18] *«R|=J:;fctf, WMtfitetiLZtltz 

S*S±ICB i . T i RMfr t. 4c«lft'lb1taSftfl|«f|ElVa * MOC 

£«R*SRRian©«R5ER£$t?W# < 
b 1 1 S £l£1b $ 1+TB i /T i MfiEJ± $$0® L 

r. RibRRRRttRRaRMftasRRSRtt-j-sc 

i A* & 4 IS<b^&l§tttt;iRcfl§S!it 75;£7b<»« $ *i 

[00 1 9] *»WI=J:4i'tf, »aLtl=»RS 

*tfcTR*«R±fc»R*;hXfc*a<bttRK»|*j*R- 
A<. &tttt£-(*&&Bfl:fe&R«f*Rn. fcftlMi&R 
-bl~ff$j££ tifcTSPmtSEilc jf$fig £ ftr -5 S$<b$&i5§ 
»«(**BKDElRlttj6<. ci4«5fei2(S] s clAMElSli: (1 
1 7) ElS]«tA<ii: LrS5fr^5>yAE(pJXI* (1 
1 7) ffiftiElSlOHvrfifr 1 otfcy , Bi/TiifclJj£J£j!>< 
o. 4~i. 6-efc«Mb«Hm«{tMh&<att£;h. 

R<bRRRR{*9IRXl4±£R<btt&RR{*&R£4r 

RRRKRRR-7- * *i -5 . 
[0 0 2 0] 

^UVzl^A^OTtc**^, GaAs. ZnSeHOMb^ 
^^«{*^<D¥3l(*S«i ; PtfltOftRRR ;t7 7 -f7 
**S, MgOfttg, SrTi03. BaTi03. **5X8gf©|6i 

ttLtlcfi, ^RA<«gJ5fc£*i-cl>-5„ ®Hl4. ^ttttWW 
»-C*4ili1*lcRffi**iSta)-CI4<C<. Pt, Ir, Au, 
AU Ru^OJ^R. Ir02. RuO2^0>R<b4$!l3l®{*^|c«J: y 
»)«t4Ci4<t#4. ©8114* «*.!*, 
■£^S;£, EBj£S|fl4?a>^j4lz«J; y te&T Z> Z. b t<V 

n&ommit. ioo~2oonmgs 

[0021] nmt&mtomizi*. &®m&v/x.\t 
ft»R*<&+mRSRRL-c*j:i\, *ftRRi4, r* 

14, Si0 2 . SiN*|=J:y»)a-r4CtA«-e*S. 



R1b&. CVD;i, X7<?*R. XSRR&. MOCVD;£H, 

[0022] *RR©Rjs*ati=*ii\ri*, 

£Rfci|3!l3$8R{*RR $ ff$fi£-r 3 fc «)(DJj£R^ v <W 
/^©EA^itici^-e?. Rfttfx. r*# 

X. **y7#X«£ftR-r«c£fi<-C#&RR?*:/ 
a^T?t.llOCVDai=J:ftfigRA«-C#«RRRR©R 

[0 0 2 3] RR^XI*, »R*j|ifca***mxTt,«fc 
ISIS1 O 0%0>ii3E*£&;tf* C L 

i*„ Rft#;i£RR?*>/<— icra-*-««£. Jgtfx 

f*ftRR£*r«R1b*RflMt{*8R£ftR-r«fe«>|= 
i&BftRlclMR-rscijWiMJ-efc*. ftx.f£ s 
XtOSgai: LTI*. Jg**X3Ega> 3 3 ~ 8 Of*:»%^S 
©«H*<*lf6*l*. CCT*. Bff^©lE|Sjtttl4. RR 
tt**tf>fciEfilte (*fil#SJ:tf*#S) £Sfl*U cte 
RjfeES, clftKlRji: (117) WZfabtfi±b LrS5fe 
■T-5 5>^AiE[S)XI* (117) RftEffilS&tfRlf 

-So 

[0 0 2 4] Sfc. R1bttRR«f«iR|R««|R-r«MR 
J»^a)RR3cR(DlBRtt$R1bRRR«ft:i»H3ii<R£(0 

*J:3I=. RlbttRRRftRMfrRR-r^RRRnoR 

XI*ifc^ttip^?#-g,fctoir. Bi/Ti 3i§JiJtJ±A<0. -4 
~ 1 . 5 btsZ&olzB i XI* T i **tR«#^<Dd> 
*E< it 1 o©ttR*£Wwr*. czt. fifr^<D?^S 

Bi/T i mtfLtt&mwr&z.biz&L), Mitto&mw 
t*mm<D&ikmm±mm&ffl'ffl-t&zbti<vi*z lo 

[0 0 2 5] *fEK©^i£lcj:y»e,+L-5R<b^Rm 
(*»RI4, Bi2X m -iY II1 03 m+ 3 (XI4Li + , Na+. K+, Pb2+, 
Ca2+. Sr2+. Ba2+AtfBi3+3^6<C4»3b^?>RS!$ 1 
ffl, YI4Fe3+, Ti4+, Nb5+, Ta5+ % w6+xi/rMo6+A%C,^§ 
R^&R«?**lS 1«, ml4 1 ia±<De^ife-Cfe4) T? 
^ 5^-5 trot? fe*il4!f#lc|5B^ t<»T?l4J5: < , -f- 

B i2Ta20g^(DB i 2Am-l B m 03„H-3T'^$+l4^b 
fel&fifStt-C-t^l^ ffc, B i 2A m -iB m 03 m+ 3T'^ 



ZH&mm&mn&tmit. -E-ro&inititcD+i-AB 

PZT. BaTi03. SrTi 
O3H0) A B £ *i-5 8*b1&3£§§S<*-C o T t, «fc 

l\ &>^T?£. Bi4Ti30i2T-fc^C £ L < , £ t, 

[0026] *^e^(D^b^sm<*SM^ii, 

i£1b^®^«f*»M;&tfI^b^8S§S#PI§§i^<D 
[0 0 2 7] HffiOJfcfg 1 

±i~. mtis>)=i> tsi02) 12. 

>^^f 3, PtTSBS*l4, B i 4T i 3012^«<* 
®m&m5 (WT;- B i 4T i 30i2#)»l&If 5.»:IB~ _ 
-f ) . B i 4T i 30i23i^S&i£ftH6 (jjTF. B i 4 
T i 3012RKSJ16 tte-T) *<CCDIll-C?a)l*HT«fiE 

[0028] -> u =j >^o^*ffi 1 »«a 



s £ ii^b-r -s c t ic j: y am 2 o 0 n mmfecomt •> 

U=i>Jl2£ff$j&-f •&<> ^b->'J=i»l2±|r. 
;H3MP t TSUm*l4£. U ><y>£lc<J: 

•J . Mil 3 0 n mgg&l/ 2 0 0 n mgg-elll&te/jji-r 
5. B i 4T i 30l2fS^M6/B i 4T i 3O12U] 

«Sl5^MOCVD;il:J:lJMLfco 
[OO 2 9] ZOTlSOT^ilOTJ&BlSfrli. T iDfi**^ 

^fXtLT(DAr*X $t>l-. Bi4Ti30l2J5£ 
SI6/B i 4T i 30l2}aJi8t5Ji 5 <DfiEK<D|^lCl* B i 
ll*4£#t;A r**y7#*£j*B** 

Lf-o jSa^VVA-rtroE^liS T o r r . T i 1^*4 
ZStlA r *-V'JT tfXSSfil* 5 0 s c cm|:@SL 
fco (B i fcJ^T i ES»£*t?A 

A>'J7*X K?!l^*5«fcl/A r/^VXtfX) ©JgSg 
S£2 5 0 0 s c cmlcg^Lfco 
[OO 3 0] PtTSJHi4±|c, 8ffi;gJt£5 5 0°C 
tLt. B i 4T i 30l2#J»H£Ji5£!?£ 5 nmff$J& 
U *«;UJt$4 0 0 o CI-|g^LiSL, jS«LT 

B i 4T i 3 Ol2JiESIf'6$J?$ 1 9 0'nmSlcgSt; 3® 
112 0 0 nm<fc Lfc. C(D^fl)B i 4T i 3012*3^^ 



[0 0 3 1 ] 
[*1 ] 



4T i 3 Ol2^H6(DJSm^^^ 1 





Bi (0 -C 2 H 7 ) 3 Ti (i — OCgH T ) 4 




leot 501C 








50 — 350 seem 50 sccra 




825 seem (33%) 




1250 seem (50%) 




2000 scan (80%) 




2500 seem 




5 Ton* 




Pt/'Ta/SiO s /Si(100) 








450lC(i£§JI) 



[0 0 3 2] B i 4T i 30 12D3I8&H 5 t£hlS\Z & i 4 
T \ 20\2fS.^m&(D^-tiX<DfS.m\Ziil\X : h. T i W 
^tfttA r *r UT:tfX3Sl*£ 5 O s c cmi^U 
B i l^#4$^tA r^FV 'JT*T^.3Pi»^5 0~3 5 0 s 
c cm, Mmti*7fcM$: 825~2000sccm ($£ 

**x3f L fiir^Lr^mss : 33-80%) ommx'g. 

itti±X, Sfefiffl<DB i 4T i 30l2fi!cSll6/B i 4T 
i 3012^^^H5 ^fiEMLfr. B i H¥4£^t;A r * 
•V ') T 15 Z^ijiMfc £lf$k^15 *.tfiiii\&* B i4T i 3O12 

tm&msmf&mzmmLtz*,. tHizi^< b i 4 t i 3 

Oi2/SSH6l*f^-Jj)cMlfeft«l: Lfc„ 
[0 0 3 3] C0><fc-3lzLT*#£>;h.f-B i 4T i 30i2fi£ 
I16©B i Smm. (Bi/Ti M^tb) E PMA 

iz£-z>T*H?*imnLtzo j E-a)fs^$S2ic^-r„ s 

2TM*. B i H>¥4£#A,*:A r + t'J7 2fX5!tJt t B i 



^**X,=5iti ; 2500sccm) * — 5 — \Z Lt 

[0 0 3 4] H2frbB8t,;t>N& t fc : 5l^ K^**X;SSIC 
A^^^r. Bi/Ti MfiEtbli 1 . 5«fcy*,/h£l^fE 
iTtftL. ^aiilfifiE (Bi/Ti=1. 33)lil 
T-CI*B i mnZS/vtiA r**'J7'^gt«l=Jt«L 

tBi/Ti $Mjahfctii»p-r^A<. Bi/Ti ssa/si±A< 
■r-i){iirs]A<fcofco 

[0 0 3 5] Sfc. t^KLfca^CDB i 4T i 3O12/SS 
$113 (a) ~ (c) &l/ll4lCjF-r o g]3 (a) ~ 

(c) si;gi4icfc^Ti*. Kx^afi$fltni=. b 

l/T.HMtttt*Hl=»iy. -ILTSLfc. S3 



(a) ~ ( c ) Mi4^bibWck 51::. 
gj£A<3 3%m±"CI4. B i /T i ^O. 6 5T\ £T 

[0 0 3 6] 8**^18^3 3%lrfcL>TI*. 

(117) J*#A<»;b*U »*#*»«0>iII*lZO*i 
ts cfSfiE^t (117) «»ti<;?fiLfc7>yAl 
fS]U^^C<b^ofco 0 

XRDtf— ^Mlttf (008) : (1 1 7) = 

<t. a*as*<8 o%icfci>r, bis di7) *-e 

[0 0 3 7] *|- % $S|fiCDB i / T i «fittt*<*<tLfc 

n^c7)XRD/\ o ^->iroi^ruiB^-r^, 0 mams ^mat 

f}<3 3%(DB#. yiSl£5c£c»E|n]B i 4T i 3O12 

mmcom^s bi/ti Mj&ttaMb^siM&fS (bi/ 

T i = 1 . 3 3) «T©«*, Bi/Ti fijftittfiitt] 
-TfttfU^tt^JLT. c$aiBft/£#OXRDt°-^SiiJ£ 

- (t$l: (0 0 6)- fccfctf (0 0 8) ) jWgftrtfcv 

**H«I= cttElRlJ3t#(DX R D fc°— ^l£ftf*i§Jirt£ 
Bi/Ti=1. 5#ifi-Cc|*ERia»fl!)XRDe 

[0 0 3 8] iifl7jS^5 0%(D»lt 5>$fAE 

Grcfcy, b i /'t i asiita)iaiintttiz. ciaisrs] 

fS. y A(D5^>(D (0 0 8) Elfilric^t (117) E|Sjj£# 
t<DX RD t°— ^3£gJt£l5l£l : 4 01t¥l:i^Lfc 
cttElRlJ*#«i:&tflz (117) ElRjfiE»<DL^-r 

ctfiieftj£#O)5*>0) (0 0 8) EIrU£#±: (1 
1 7) iEffi]j£#<t<DX R D t°— ^3£Jtit(3:l£l£l : 4(7) 

[0 0 3 9] lfc3R#*aflEfi<8 096<DJ|£. 
I? ( 1 1 7) »-EfiO)a^t, Bi/Ti *lj£i£(Dig 
»a<fc cttlcx RD/^- >l::fci^T (1 i 7) tf— ^3$ 
K^iiSDL. B i /T i MrtJtA^I . Sftifit (1 1 

7) tf— ^»«3&<ja«]«ra*«Lfco S4iz7F$ 

*L&c£ ? |Z. EfSj^rS] f^|6l £>T, B i /T i =0. 4 

(B i jjSS : 5 0 s c c m) T?»2J5£LfcB i 4T i 3O12 
mmits 4tSll(t/UP?P7 (B i2T i207) 

[0 0 4 0] KStSffiSJI^ Bi/Tij|fijSlt 

(B i mn^/utzA r *-V'J7**X3K«) tXRDf 

— ^3£g<D&g{££0 5 (a) -15 (c) |Z^-T 0 B5 
(a) -H5 (c) IfSJl^B i 4T i 3O12S 

»0)Efil*tt*ft»T*>y. ^(DB$OEft140D5££li. 
Bi/Ti tt*tt ( koT»$4:ttf»ofc. BP*, tt 

IltCcfcotB i 4 T i 3Oi2M«{*aH0>rt*L*> 



^l*ffi*|Sj*<£*y. ^(D®^|pJ|c3£A//£B 14T (30 
]2^B B 0ym\tB i /T i <afiKttlzJ:oTat*4CtA<» 

[004 1] Hfi0)»82 
SIS£<DJBffi1 -CJBrtLfcB i 4T i 30i2iftR«ffWH± 
|C. i&^lZcJ: y ItS 1 1 00 nmCDP 

t J:»*« 8 cilery % g!6|Z7FLfc3Sifl 

■J\ B i Ifi^tt; A r *t U 7*'Xaii<5 0 s c c 
m (Bi/Ti =0. 4) Vm&LtzMm\t. 0 4 f'TF 
-r*5lc*»*«:/Wn^nT (B i 2T 1207) 4§"e 

fco E|fi]*ttlc*^;b&-*\ B i l§*4£^i;A r 

»J 7#X3S**<3 50sccm(Bi/Ti=1. 
5) -e»*Lfci»Kl*. g)4|C^-rcfc5l^B i 4T i 30 
12»»«f**-ffi"Cft « 'J— $«3I«K*<*# 

[0 0 4 2] 83RajS9J(=. «*HUn«E5 V(DXS* 
BE* EPJra tfcB#a> txf 'J vxMJrl 7 ( a )- ~0- 

7 (c) IZ^-T 0 H7 (a) ~07 (c) T?. (00 
1 ) BIT. (OOD + (117) BIT, (11 
7) BITlt -HX^*U 1IM3 3%, 5 0%. 8 
0%-eftSLfcRS£8LTfcy. ^;hJa»<00l::j3l* 

ttBtttfc^o 07 (a) -07 (c) **&SB&J&*ft 

ckdi^. b i Dji*4£#t;A r **y7#x3Mtt<i o 

0. 1 5 0. 200. 2 50f}J:i;3 00sccm 
(0. 65<Bi/Ti<1. 4 5) -C^JlELfcB i 4 
T i 30l23£i§Si*^M[wfclv-CI*. iTtXf'JvX 

[0 0 4 3] Bi/Ti «|*Jt£/<5*— *— t 

lt. s^HiaaiE i . 2. 3. 4*5* 

1/5 V03c««l££fflttLfcB#(DjSB#ffiP rfccfctfta 
«JlEc(D||$^a^ Hfcft««tt*H8 (a) ~0 

8 (c) & {/IS 9 (a) -H9 (c) IZ^H^tlTF-To 
08 (a) -B8 (c) Sl/09 (a) -0 9 (c) ^ 

y. t$IC. K^SJg3 3% ( (0 0 1 ) B I T) "CftK 
LtccffilBftB i4T I30123WRI*. g^EPflD'SJE 2 V 

E cO)L^*ltA<jaaLrOft. 

[0 0 4 4] £fc. ttXSJS (EfSj^fi) ^/^^-^ 
-tit, g*l=PAD®I±5 VOS»«ff*6n*PLfc^<D 
»BS*»filP r fc^l/tfLS^E c <!: B i /T i $lj££t 
CD^^^Ell 0(a) Mil 0(b) (Ztf-To 

ctLe>a>4»^e><b^fiiiSfij* (bi/ti = i. 33) 

<0& 14T I3012»MI"«L. (ErS]^ii) gij 

(3. g^EPiomi±.1 . 2. 3. 4 fccfc 1/5 V<Dx#Hl± 

0)*<H1 1 (a) -01 1 (c) -Cfcfto 01 2 



I*. g^EPtelSE 5 V(7)3t#1iE£Efltt] L/iB#<7) 3 00) 

[004 5] 17 (a) ~07 (c) „ 18 (a) ~0 
8 (e).Blg (a)~B9 (c) . 0(a) 
Bilfmi 0 (c) ^;1gA<-^r-fe^liB i/ 

T i ffi^itOT^^^I-cfeb-rtttt^Ecli^ir-ST?, 
5Sgg#S#*lP r^A'tftL, c<D^b<Dtt73li. 0 

5OTX R D t°— y&SHDg.itmm. Bi/Ti<1. 3 
3T-ISB i/T i *lfi£it<D^-(bl-J±0iJLTii^:L, B i 

/Ti^i. 3 3-ci*. tafo-r^fliisj^M-y-fc, eh*., 

[0046] Si 1 (a) ~01 1 (c) 

01 2lc^Lfciolc, iIlt^liCi:T?, HC 
<b^*ltl§fi£-e&-3Ti. B i 4T i 30i2SM<DE|a]?3 

ttict5i:fc?iPi:t#tt^?i^tt!-rctj!)<r*#-i). croc 

t\t. 0 1 Slr^LfcKSSEMitfrt^frSJ:?!::. B 
i4T i 30l2j»ttl=fcl*T. (t*7-vi-f^ 
hX )- ((O O 1 ) 02 : 3 3%)- - 

l=*il*TI*P ttgil;, T i 02mm<D/<v7Tm$ 
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